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Concise Explanation of documents 



Excerpted English translation of jp-a-H-222641 

From line 1 in column 1 to line 6 in column 2 on page (2) 

[Claims] 

[Claim 1] A copper alloy for conductive springs, 
containing, as main components, 1.0 to 3.5 wt% of Ni, 0.2 
to 0.9 wt% of Si, 0.01 to 0.20 wt% of Mg, and 0.05 to 1.5 
wt% of Sn, with S and 0 in a content restricted to less 
than 0.005 wt% respectively, with the balance being Cu and 
inevitable impurities, and having a crystal grain size of 
more than 1 \*m and 25 fun or less. 
[Claim 2] A copper alloy for conductive springs, 
containing, as main components, 1.0 to 3.5 wt% of Ni, 0.2 
to 0.9 wt% of Si, 0.01 to 0.20 wt% of Mg, 0.05 to 1.5 wt% 
of Sn and 0.2 to 1.5 wt% of Zn,. with S and O in a content 
restricted to less than 0.005 wt% respectively, with the 
balance being Cu and inevitable impurities, and having a 
crystal grain size of more than 1 fim and 25 >un or less. 
[Claim 3] The copper alloy for conductive springs 
according to claim 1 or 2, wherein the copper alloy 
further contains 0.005 to 2.0 wt% in total of one or more 
elements selected from 0.005 to 0.3 wt% of Ag, 0.01 to 0.5 
wt% of Mn, 0.005 to 0.2 wt% of Fe and Cr respectively, 
0.05 to 2.0 wt% of Co, and 0.005 to 0.1 wt% of P. 
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[Claim 4] The copper alloy for conductive springs 
according to claim 1 or 2, wherein the copper alloy 
further contains 0.005 to 0.13 wt% in total of one or two 
elements selected from 0.005 to 0.1 wt% of Pb and 0.005 to 
0.03 wt% of Bi. 

[Claim 5] The copper alloy for conductive springs 
according to claim 1 or 2, wherein the copper alloy 
further contains 0.005 to 2.0 wt% in total of one or more 
elements selected from 0.005 to 0.3 wt% of Ag, 0.01 to 0.5 
wt% of Mn, 0.005 to 0.2 wt% of Fe and Cr respectively, 
0.05 to 2.0 wt% of Co, and 0.005 to 0.1 wt% of P and one 
or two components selected 0.005 to 0.1 wt% of Pb and 
0.005 to 0.03 wt% of Bi. 

[Claim 6] The copper alloy for conductive springs 
according to any one of claims 1 to 5, wherein the alloy 
is used for any of terminals, connector materials, and 
switch materials. 

[Claim 7] A manufacturing method of the copper alloy for 
conductive springs according to any one of claims 1 to 6, 
wherein recrystallization treatment is carried out at 700 
to 920°c after cold working. 

[Claim 8] A manufacturing method of the copper alloy for 
conductive springs according to any one of claims 1 to 6, 
wherein recrystallization treatment is carried out at 7 00 
to 920°c after cold working, and then aging treatment is 



FROM T. II DA PAT (£SBES5SmS53i) 



2002« 1/?30B (*) 20:53/B«20:52/*S£^4805223512 P 4 



carried out at 420 to 550°C. 

[Claim 9] a manufacturing method of the copper alloy for 
conductive springs according to any one of claims 1 to 6, 
wherein recrystallization treatment is carried out at 700 
to 920°C after cold working, cold working with a reduction 
of 25% or less is further carried out, and then aging 
treatment is carried out at 420 to 55 0°c. 
{Claim 10] A manufacturing method of the copper alloy for 
conductive springs according to any one of claims 1 to 6, 
wherein recrystallization treatment is carried out at 700 
to 920°C after cold working, cold working with a reduction 
of 25% or less and then aging treatment at 420 to 550°C 
are carried out, and further cold-working with a reduction 
of 25% or less and low-temperature annealing are carried 
out. 

From line 21 to 25 in column 10 on page (6) 
[0031] 

[Best Mode for Carrying out the Invention] 

A copper alloy of the present invention has 
excellent mechanical strength, bending property, stress 
relaxation property, resistance to Sn-plating peeling, and 
punching suitability, and especially has properties 
required for a common conductive material such as 
terminal-connector materials, switch materials, relay 
materials, and the like; and the alloy will be described 
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in detail referring to examples. 

From line 12 to 17 in column 12 on page (7) and Table 1 
[0039] 

The thermal peeling resistance of the Sn plating was 
evaluated in the following manner. A test piece of each 
of the sample sheets was subjected to a glossy tin plating 
with a thickness of 1 um r and the resultant test piece was 
heated at 150°c for 1,000 hours in atmospheric air, 
followed by 180-degree contact bending and bending back. 
After that, the peeling of the plating at the bent portion 
was observed with the naked eye. In the case solder 
peeling was observed, a word, existing, was written in 
Tables 4 to 6. 
[Table 1] 
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Con cise explanation with respect to JP-A-11-222641 

If heat/electric conductivity of an alloy is poor, 
stress relaxation is accelerated due to heating of the 
alloy itself. Accordingly, the balance between 
conductivity and stress relaxation property is necessarily 
considered. JP-A-11-222641 describes a copper alloy 
developed by the present inventors and others, which alloy 
satisfy the balance between conductivity and stress 
relaxation property- However, with respect to the alloy 
in JP-A-1 1-22641 , there is room for further improvement in 
compatibility to plating and in resistance to 
deterioration of plate after plating (which are 
collectively called as plating characteristics). 

Excer pted English translation of JP-A-11-256256 

From line 1 in column 1 to line 3 in column 2 on page (2) 

[Claims] 

[Claim 1] A copper alloy for electric and electronic parts 
excellent in stamping workability, comprising 0.1-4.0 wt% 
of Ni, 0.01-1.0 wt% of Si, 0.01-5.0 wt% of Zn, 0.005 or 
less wt% of s, and 0.005 or less wt% in total of one or 
more elements selected from the following group consisting 
of 0.003 wt% or less of Se, 0.003 wt% or less of Te, 0.003 
wt% or less of Sb, and 0.003 wt% or less of Bi, with the 
balance being Cu and inevitable impurities. 
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[Claim 2] A copper alloy for electric and electronic parts 
excellent in stamping workability, comprising 0. 1-4.0 wt% 
of Ni, 0.01-1.0 wt% of Si, 0.01^5.0 wt% of Zn, 0.0001- 
0.005 wt% of S, and 0.00003-0.005 wt% in total of one or 
more elements selected from the group consisting of 
0.00003-0.003 wt% of Se, 0.00003-0.003 wt% of Te, 0.00003- 
0.003 wt% of Sb, and 0.00003-0.003 wt% of Bi, with the 
balance being Cu and inevitable impurities. 
[Claim 3 ] A copper alloy for electric and electronic parts 
excellent in stamping workability according to claim 1 or 
2, further containing 0.0001-0.05 wt% in total of one or 
two elements selected from the group consisting of 0.0001- 
0.05 wt% of Pb and 0.0001-0.01 wt% of C. 

[Claim 4] A copper alloy for electric and electronic parts 
excellent in stamping workability according to any one of 
claims 1 to 3, further containing 0.0001-0.3 wt% in total 
of one or two elements selected from the group consisting 
of 0.0001-0.1 wt% of P and 0.0005-0.3 wt% of Al. 
[Claim 5] A copper alloy for electric and electronic parts 
excellent in stamping workability according to any one of 
claims 1 to 4, further containing 0.001-1.5 wt% of Mg. 
[Claim 6] A copper alloy for electric and electronic parts 
excellent in stamping workability according to any one of 
claims 1 to 5, further containing 0.0003-0.7 wt% in total 
of one or more elements selected from the group consisting 



FROM T. I I DA PAT («5EH^^$J5^) 2002* 1 A3 OB <*) 20 : 55/^520 : 52/£S#^48052235 1 2 P 9 



of 0.001-0.5 wt% of Mn, 0.001 wt%. or more but less than 
0.03 wt% of Fe, 0.001-0.1 wt% of Co, 0.0003-0.1 wt% of Ag, 
0.0005-0.01 wt% of Cr, 0.0005-0.01 wt% of Zr, and 0.0005- 
0.01 wt% of Ti. 

[Claim 7] A copper alloy for electric and electronic parts 
excellent in stamping workability according to any one of 
claims 1 to 6, further containing oxygen in a content of 
30 ppm or less and hydrogen in a content of 10 ppm or less. 
[Claim 8] A copper alloy for electric and electronic parts 
excellent in stamping workability according to any one of 
claims 1 to 7, further containing 0.01-8.0 wt% of Sn. 
From line 37 in column 8 on page (5) to line 8 in column 9 
on page (6) 

[0025] A lead frame, for which the alloy of the present 
invention finds utility, is heated at 200 to 350°C in the 
step of mounting-packaging an Si chip. In the step of 
wire bonding, in order to prevent oxidation at the time of 
heating, usually the heating is performed in a non- 
oxidative atmosphere such as a nitrogen-hydrogen mixed gas. 
However, because of difficulty of completely preventing 
the penetration of air into the heating furnace, or 
because of prolongation of its residence time in the 
furnace, for example, in case of the occurrence of 
stopping of the line due to unexpected matter, the lead 
frame undergoes oxidation by the penetrating air. If the 
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adhesion strength between the oxide film produced on the 
surface of the lead frame and the matrix is low, after 
resin molding, moisture will penetrate through a gap 
formed when the oxide film is peeled off from the matrix 
so that the reliability of the IC is considerably 
decreased. For this reason, when the alloy is used for a 
lead frame, adhesion of its oxide film is one of important 
prescribed properties. With respect to surface roughness 
of the alloy of the present invention, if the center line 
average roughness (Ra) exceeds 0.2 jun or the maximum 
height (Rmax) exceeds 1.0 nm, the adhesion of the oxide 
film is decreased. In consideration of this, it is 
desirable that with respect to the surface roughness, Ra 
is 0.2 nm or less and Rmax is 1.0 \im or less. Then, when 
the surface roughness satisfies these conditions, no 
problem occurs in plating suitableness, bending 
workability, and the like, so that the alloy is suitable 
for electric and electronic parts such as a lead frame, a 
terminal and a connector. 

From line 45 in column 24 on page (13) to line 5 in column 
26 on page (14) 

[0058] <Test Method> Influences of surface roughness on 
the adhesion of oxide film were examined by the following 
methods . 

[Surface Roughness] Each test piece subjected to 
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ultrasonic cleaning with acetone was measured of its 
roughness by scanning a probe parallel to the direction of 
rolling over a length of 5 mm- Five test pieces for each 
sample exhibited approximately the same surface roughness. 
As the surface roughness of each sample, an average value 
of data on the five test pieces was used. For the 
measurement of surface roughness , a stylus type surface 
roughness measuring apparatus (produced by Taylor Hobson) 
was used. Note that the definition of surface roughness 
was according to JIS-B0601 (Definition of and indication 
of surface roughness). 

[0059] [Adhesion of Oxide Film] On a hot plate (HOT PLATE 
HHP-401, produced by SEFI Co.) kept at 300°C were placed 
test pieces of respective surface roughness values and 
heated for 30 minutes. After predetermined period of time, 
the test pieces were cooled to room temperature, then a 
commercially available acetate adhesive tape (3M No. 810) 
was applied thereto and immediately peeled off therefrom. 
Presence or absence of attachment of the oxide film onto 
the adhesive surface of the tape was examined by visual 
observation. No attachment of oxide film to the adhesive 
surface was evaluated as O, and any attachment of oxide 
film thereto was evaluated as X . Note that the heating 
test with the hot plate, and peeling off test were 
performed in a chamber at 25°C and at relative humidity of 
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60%. 

[0060] [Test Results] Results obtained are shown in 
Table 10. 
[0061] 
[Table 10] 

Table 10: Relationship between Surface Roughness and 
Peeling of Oxide Film 



No. 


Ra 
fim 


Rroax 
fun 


Peeling of 
oxide film 


27-7 


0.06 


0.35 


O 


27-8 


0.12 


0.74 


O 


27-9 


0.25* 


1,16 


X 


27-10 


0.44* 


2.8 


X 



[0062] In No. 27-7 and No, 27-8 having Ra of 0.2 p or 
less and Rmax of 1.0 \im or less with respect to a surface 
roughness, the oxide film did not peel off, while in No. 
27-9 and No. 27-10 whose surface roughness exceeded the 
above-mentioned range, the oxide film peeled off. 

Exce rpted English translation of JP-A-5-59468 
From lines 1 to 25 in column 1 on page (2) 
[Claims] 

[Claim 1] A copper alloy for conductive springs, 
comprising 0.5-4.0 % (means wt%, hereinafter the same) of 
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Ni, 0.1-1.0 % of Si, 0.01 to 0.1 % of Mg, 0.0015 % or less 
of S, 0.0015 % or less of O, and the balance of Cu. 
[Claim 2] A copper alloy for conductive springs, 
comprising 0.5 to 4.0% of Ni, 0.1 to 1.0% of Si, 0.01 to 
0.1% of Mg, 0.01 to 15% of Zn, 0.0015% or less of S, 
0.0015% or less of O, and the balance of Cu. 
[Claim 3] A copper alloy for conductive springs, 
comprising 0.5 to 4.0% of Ni, 0.1 to 1.0% of Si, 0.01 to 
0.1% of Mg, 0.0015% or less of S, 0.0015% or less of O, 
further, as auxiliary components, 0.005 to 1.0% of one or 
more elements selected from P, B, As, Fe, Co, Cr, Al, Sn, 
Ti, Zr, In and Mn, and the balance of Cu. 
[Claim 4] A copper alloy for conductive springs, 
comprising 0.5 to 4.0% of Ni, 0.1 to 1.0% of Si, 0.01 to 
0.1% of Mg, 0.01 to 15% of Zn, 0.0015% or less of S, 
0.0.015% or less of O, further, as auxiliary components, 
0.005 to 1.0% of one or more elements selected from P, B, 
As, Fe, Co, Cr, Al, Sn, Ti, Zr, in and Mn, and the balance 
of Cu, 

From line 35 to 42 in column 7 on page (5) 

Regarding the thermal peeling resistance of a tin 
plating, each specimen, which was plated with a 0.5 to 0.8 
nm-thick copper underplating, further plated with a 1 to 
1.5 ^in-thick tin by electroplating, and then subjected to 
thermal reflow, was cut into 10 mm W X 100 mm L, heated 
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at 150°C for a prescribed period (at every 100 hours), 
subjected to 90° bending back and forth one time in one 
side with a curvature of 0.3 ram ( = the plate thickness), 
and the peripheral part of the bent part in the front and 
the rear faces was observed with a visual field enlarged 
20 times, to confirm the occurrence of peeling of the 
plating. 

Conci se explanation with respect to JP-A-5-59468 

JP-A-5-59468 shows effectiveness of Mg added to a Cu 
alloy to improve stress relaxation property. However, 
although stress relaxation property is improved by the 
addition of mg, this alloy material is poor in bending 

property, to cause cracks upon subjected to 180°-contact 
bending test, and the like. Accordingly, this alloy is 
necessarily improved in bending property to be used as a 
connector for automobile and the like. 

Excerpted Kncilirth translation of JP-A-1-180932 
From line 4 to line 14 in column 1 on page (1) 
[Claim] 

[Claim 1] a highly tensile and highly electrically 
conductive copper alloy for pin grid array IC lead pins 
comprising 3.0 to 3.5 wt% of Ni, 0.5 to 0.9 wt% of Si, 
0,05 to 5 wt% of Zn, 0.2 to 2.0 wt% of Sn, 0.001 to 0.1 
wt% of Cr, 0.001 to 0.01 wt% of Mg, and the balance of Cu 
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and inevitable impurities, and having Vickers hardness of 
200 or more and electrical conductivity of 30% IACS or 
more after a soft brazing treatment at lowef than 450°C, 
and being excellent in the heat resistance, the stiffness 
strength, the repeated bend.ability and the noble metal 
platability. 

From line 19 in lower right column on page (3) to line 2 
in upper left column on page (4) 

(6) The adhesion property of the Au plating was 
investigated by forming a 2 ^m-thick Ni underlayer plating 
and a 3 jim-thick Au plating, heating at a brazing 
temperature of 425°C for 15 minutes, and then observing 
the occurrence of the blister with a magnifier. 

Excerpted E nglish translation of JP-A-6-100983 
From line 1 to line 47 in column 1 on page (2) 
[Claims ] 

[Claim 1] a metal foil for a TAB tape having high young 
modulus and high yield strength , wherein the metal foil is 
an alloy containing 20 to 95 wt% of Cu, 0.3 to 11 wt% of 
Al, 0.05 to 3.0 wt% of Mn, 0.005 to 3.5 wt% of Ti, 0.5 to 
10 wt% of Cr, 0.001 to 1.5 wt% of Mo, and the balance of 
Fe and inevitable impurities, and has an aspect ratio of 
crystal grain size (the ratio of the crystal grains in the 
rolling direction and the perpendicular direction to 
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rolling) of 20 or less, and a foil thickness of 80 jim or 
less . 

[Claim 2] The metal foil according to claim 1, wherein the 
weight ratio of Cr content to Fe content is 5,5 to 13.5 %. 
[Claim 3] The metal foil according to claim 1 or 2, 
wherein the alloy further contains , as alloying elements , 
0.005 to 8 wt% in total of one or more elements selected 
from Zr, Si, Ni, Zn, Sn, Nb, P, La f Ce, Y, V, Ca, Be, Mg 
or Hf, and 0.005 to 2 wt% in total of one or more of C or 
B. 

[Claim 4] The metal foil according to any one of claims 1 
to 3, wherein a surface 'of the metal foil is plated in a 
thickness of 0.001 to 0.02 urn, with a Ni, Cu, Ag, Au or 
their alloy plating, a Sn-Pb plating, or a tin plating in 
a single or a plurality of layers. 

[Claim 5] A manufacturing method of a metal foil for a TAB 
tape having high young modulus and high yield strength, 
which foil has and slight characteristic anisotropy and is 
excellent in lead deformation resistance and heat 
resistant strength, wherein the method comprises steps of 
melting and casting an alloy with the composition 
according to any one of claims 1 to 3, and then hot- 
rolling the cast at a temperature in a range of 700 to 
1,000°C, primarily cold-rolling the resulting plate with a 
reduction ratio of 50 to 95%, annealing the resulting 
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sheet at a temperature in a range of 800 to l,000 o C, and 
then secondarily cold-rolling the sheet with a reduction 
•ratio of 1 to 70%, further subjecting the resulting foil 
to solution heat treatment at a temperature in a range of 

700 to 1,000°C and then quenching the foil, and 
successively aging the foil at a temperature in a range of 
350 to 650°C. 

[Claim 6 J A manufacturing method of a metal foil for a TAB 
tape having high young modulus and high yield strength, 
which foil has slight characteristic anisotropy and is 
excellent in lead deformation resistance and heat 
resistant strength, wherein the method comprises steps of 
melting and casting an alloy with the composition 
according to any one of claims 1 to 3, and then hot- 
rolling the cast at a temperature in a range of 700 to 

1,000°C, primarily cold-rolling the hot-rolled plate with 
a reduction ratio of 50 to 90%, annealing the resulting 
sheet at a temperature in a range of 800 to 1,000 U C and 
successively quenching the sheet, and then secondarily 
cold-rolling the sheet with a reduction ratio of 1 to 70%, 
and further successively aging the resulting foil at a 
temperature in a range of 350 to 650°C. 

[Claim 7] The manufacturing method according to claim 5 or 
6, wherein the secondary cold-rolling is carried out with 
a reduction ratio of 1 to 15%. 
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[Claim 8] The manufacturing method according to any one of 

claims 5 to 7, wherein the metal foil after the aging 

treatment is plated with a Ni, Cu, Ag, Au or their alloy 

plating, a Sn-Pb plating, or a tin plating with a 

thickness of 0.001 to 0.02 \m, in a single or a plurality 
of layers. 

From line 33 to line 41 in column 14 on page (8) 
[0024] Example 2 

Table 5 shows the evaluation results of materials 
obtained by processing the specimens C, P shown in Table 1 
and Table 2 with the following steps. That is, after 1 
mm-thick metal plates obtained by hot-rolling were 
subjected to surface-grinding, the plates were subjected 
to primary cold-rolling with a reduction ratio of 35 to 
96% to obtain sheets with a thickness of 0.055 mm, and the 
sheets were annealed at 1,000°C for 60 seconds, cooled at 
100°C/min cooling rate with nitrogen gas, and then 
subjected to secondary cold-rolling of 1 to 75%. 
[Table 5] 
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Concise explanation with respect to JP-A-61-12784? 

JP-A-61-127842 describes a Cu-Ni-Si-series alloy as 
a copper-series material that satisfies requirements under 
a severe condition of a high temperature and corrosive 
environment . However, such a Cu-Ni-Si-series alloy also 
has lapsed into an unusable state. More specifically, 
miniaturization of parts, for example, in a general box- 
type terminal, the reduction in tab width of a male 
terminal to be inserted, of from about 2 mm to about 1 mm 
results in a decrease in the width of a spring part to 
about 1 mm, which is difficult to give a sufficient 
connection strength. Further, as correlated with the 
miniaturization, to secure connection strength at a spring 
part, many studies have been made on the structure of 
terminals. As a result, bending property required to a 
material has become more and more severe, and the 
conventional Cu-Ni-Si-series alloy often causes cracks at 
the bent portion* It is similarly applicable to stress 
relaxation property. Accordingly, the conventional Cu-Ni- 
Si-series alloy cannot be used for a long period of time, 
due to the increase of stress applied to the material and 
the change of environment to be used to become a higher 
temperature. 

Excerpts English Translation of jp-A-li-4373i 
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From line 1 in column 1, to line 40 in column 2, on page 
(2) 

[Claims] 

[Claim 1] A high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt% of Ni, 0.05-1.0 wt% of Si, 0.001- 
5,0 wt% of Sn, 0.1-5.0 wt% of Zn, 0.005-1.0 wt% of Mg, 
0.0003-0.005 wt% of S, 0.0003-0.01 wt% of C and the 
balance of Cu with inevitable impurities , wherein 
respective contents of Mg and S simultaneously satisfy the 
following inequalities (1) and (2): 

0.5[Mg] + [S] t> 0.005 ....(1) 

0.25[Mg] ;> [S] (2) 

([Mg] means wt% of Mg and [S] means wt% of S, hereinafter 
the same. ) 

[Claim 2] A high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt%. of Ni, 0.05-1.0 wt% of Si, 0.001- 
5.0 wt% of Sn, 0.1-5.0 wt% of Zn, 0.005-1.0 wt% of Mg, 
0.0003-0.005 wt% of S, 0.0003-0.01 wt% of C and the 
balance of Cu with inevitable impurities, wherein 
respective contents of Mg and S simultaneously satisfy the 
following inequalities (1) and (2): 

0.5[Mg] 4- [S] £ 0.005 ,...(1) 

0.25[Mg] * [S] (2), 
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and the alloy has an average crystal grain size in the 
direction of sheet thickness of 20 jtm or less* 
[Claim 3] A high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt% of Ni, 0.05-1.0 wt% of Si, 0.001- 
5.0 wt% of Sn, 0.1-5.0 wt% of Zn, 0.005-1.0 wt% of Mg, 
0.0003-0.005 wt% of S, 0.0003-0.01 wt% of C, and 0.001-1.0 
wt% in total amount of one kind, or two kinds or more of 
Be, B, Al, P, Ti, V, Cr, Mn, Fe, Co, Pb, Ca, Zr, Nb, Mo, 
Ag, in, Sb, Hf, and Ta as side component ( s ) , and the 
balance of Cu with inevitable impurities, wherein 
respective Mg and S simultaneously satisfy the following 
inequalities (1) and (2): 

0.5[Mg] + [S] :> 0.005 (1) 

0.25[Mg] * [S] ....(2). 

[Claim 4] A high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt% of Ni, 0.05-1.0 wt% of Si, 0.001- 
5.0 wt% of Sn, 0.1-5.0 wt% of Zn, 0.005-1.0 wt% of Mg, 
0.0003-0.005 wt% of S, 0.0003-0.01 wt% of C, and 0.001-1.0 
wt% in total amount of one kind, or two kinds or more of 
Be, B, Al, P, Ti, V, Cr, Mn, Fe, Co, Pb, Ca, Zr, Nb, Mo, 
Ag, In, Sb, Hf, and Ta as side component (s ) , and the 
balance of Cu with inevitable impurities, wherein 
respective Mg and S simultaneously satisfy the following 
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inequalities (1) and (2): 

0.5[Mg] + [S] ;> 0.005 (1) 

0.25[Mg] * [S] -...(2), 

and the alloy has an average crystal grain size in the 

direction of sheet thickness of 20 |iun or less. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs] The 
present invention relates to a high strength copper alloy 
excellent in stamping workability and silver plating 
suitableness f which is used in electric/electronic parts 
such as a semiconductor lead frame, a terminal, a 
connector, a relay and a switch. 
[0002] 

[Prior Art] Cu-Ni-Si-series copper alloys have both 
strength and electrical conductivity and hence are widely 
used in electric/electronic parts such as a semiconductor 
lead frame, a terminal and a connector. In recent years, 
associated with miniaturization, light-weight and high 
integration of electric/electronic parts, contraction in 
lead distance of a lead frame or contraction of inter- 
electrode pitch of a connector is being attempted. This 
results in an increasing demand not only for attaining 
high strength and high electrical conductivity, but also 
for a material excellent in stamping workability (reduced 
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burrs and sagging after the stamping working) and causing 
no wear of a stamping die (see, for example, JP-A-2-66130) . 
In addition, these electric/electronic parts are sometimes 
subjected to silver plating, and in accordance with 
increasing demand for improved reliability, silver plating 
suitableness has become increasingly valued than 
conventionally (see, for example, JP-A-63-130739, 5-59468, 
and 8-319528). 
[0003] 

[Problems that the Invention is to Solve] In Cu-Ni-Si- 
series copper alloys for electric/electronic parts, Mg is 
used as an additive element for preventing the electrical 
conductivity from decreasing and for increasing the 
strength. Then, Mg, as described in JP-A-2-66130, has a 
great effect on stamping workability and reduction in the 
wear of a stamping die, however, it is known that Mg 
deteriorates silver plating suitableness (generation of 
protrusions of silver plating) even with a very small 
quantity. An object of the present invention is to 
provide a high strength, Mg-containing Cu-Ni-Si-series 
copper alloy, reconciling both the stamping workability 
and silver plating suitableness with each other, which 
properties have been hitherto considered mutually 
contradictory. 

From lines 23 to 30 in column 4 on page (3) 
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[0014] (C) The present inventors have found that C has the 
effect of improving the stamping workability of Mg- 
containing Cu-Ni-Si-series copper alloy. However, if C 
content is less than 0*0003 wt%, the above effect is small, 
while if C content is over 0.01 wt%, the above effect is 
saturated and the hot workability of the alloy is 
deteriorated. Therefore, the content of C is set to 
0.0003 to 0.01 wt%, and preferably 0.001 to 0.01 wt%. 
From line 41 in column 4 on page (3), to line 3 in column 
5 oh page (4) 

[0016] (Crystal grain size) The present inventors have 
found that in Mg-containing Cu-Ni-Si-series copper alloy, 
in particular, crystal grain size in the direction of 
sheet thickness is involved in the stamping workability. 
If the average crystal grain size in the direction of 
sheet thickness of the alloy in the state of a final sheet 

product is 20 \im or less, the stamping workability can be 
improved. Desirably, the average crystal grain size of 

the alloy is 15 fun or less. Even if the crystal grain 
size is over 20 urn in the stage of recrystallization, it 
is included within the above range when the crystal grains 
become flat during subsequent cold working to give an 
average crystal grain size in the direction of sheet 
thickness of 20 ^im or less- Further, in the case of a so- 
called a fiber tissue, which is observed in a material 
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subjected to cold working with reduction of 90% or more in 
total after the recrystallization, crystal grains are 
difficult to observe. However , such a fiber tissue is 
also encompassed by the present invention. 
Concise explanation with respect to JP-A-11-43731 

JP-A-11-43731 describes a high strength copper alloy 
excellent in stamping workability and silver-plate 
adhesion property. However, the copper alloy in JP-A-ll- 
43731 is applicable only in the use in which stamping 
workability and silver-plate adhesion property are 
required. Such an applicable use is different between JP- 
A-11-43731 and the present invention. 

Further, the copper alloy in JP-A-1 1-43731 differs 
from' the copper alloy of the present invention. That is, 
in the copper alloy of JP-A-1 1-43 731, 0.0003-0.01 wt% of C 
is essential, but C is not an essential element in the 
alloy of the present invention. In JP-A-1 1-4373 1 , the 
reason why c of the specific amount is essential is 
described. 

Still further, the copper alloy in JP-A-11-43731 is 
limited to have a specific average crystal grain size in 
the direction of sheet thickness of 20 jtm or less. This 
definition in JP-A-11-43731 differs from the definition of 
the crystal grain diameter in the alloy of the present 
invention. 
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In sum, the alloy of the present invention differs 
from that in JP-A-11-43731, in the points of the use, the 
constitution (alloy composition), and the definition of 
alloy's grain size. 
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PROBLEM TO BE SOLVED: To provide a copper alloy combining excellent mechanical properties, conductivity, stress 
relaxation characteristics and bending workability. 

SOLUTION: This copper alloy is the one having a compsn. contg.. as essential components, by weight, 1.0 to 3.5% Ni, 0.2 to 
0.9% Si, 0.01 to 0.20% Mg and 0.05 to 1.5% Sn, in which each content of S and O is limited to <0.005%, and the balance Cu with 
inevitable impurities, and the grain size thereof is regulated to >1 to 25 urn. Thus, this is suitable for terminals, connector 
materials and switch materials. Furthermore, as for the method for producing it, after cold working, recrystallization treatment 
is executed at 700 to 920° C. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The copper alloy for conductive springs which Mg is restricted 0.01 - 0.20wt% 0.2 - 0.9wt%, a 0.05-1. 5wt% implication, 
S, and O content are restricted for Sn to less than [ 0.005wt% ], respectively, nickel is consisted of the remainder Cu and an 
unescapable impurity in 1.0 - 3.5wt% and Si, and the grain size number exceeds 1 micrometer, and is characterized by being 25 
micrometers or less as a principal component. 

[Claim 2] The copper ailoy for conductive springs which Sn is restricted 0.05 - 1.5wt% 0.01 - 0.20wt%, a 0.2-1. 5wt% implication, 
S, and O content are restricted for Zn to less than [ 0.005wt% ]. respectively, 1.0 - 3.5wt% and Si are consisted of the remainder 
Cu and an unescapable impurity in 0.2 - 0.9wt% and Mg. and the grain size number exceeds 1 micrometer, and is characterized 
for nickel by being 25 micrometers or less as a principal component. 

[Claim 3] a copper alloy according to claim 1 or 2 — further — 0.005-0. 3wt%Ag and 0.01-0.5wt%Mn — it chooses from 0.005 - 
0.2wt% Fe, Cr, 0.05-2.0wt%Co, and 0.005-0. 1wt%P, respectively — having — one sort or two sorts or more — a total amount — 
0.005wt(s)% - 2.0wt% — the copper alloy for conductive springs characterized by containing 

[Claim 4] a copper alloy according to claim 1 or 2 — further — one sort of 0.005-0.1 wt%Pb and 0.005 - 0.03wtBi. or two sorts - 

- a total amount — 0.005 - 0.13wt% — the copper alloy for conductive springs characterized by containing 

[Claim 5] To a pan at a copper alloy according to claim 1 or 2 0.005-0.3wt%Ag, It Fe(s). 0.01-0.5wt%Mn — respectively — 0 005 

- 0.2wt% — It is chosen from Cr, 0.05-2.0wt%Co. and 0.005-0.1 wt%P. One sort or two sorts or more, and one sort of 0.005- 
0.1wt%Pb and 0.005 - 0.03wtBi, or two sorts — a total amount — 0.005wt(s)% - 2.0wt% — the copper alloy for conductive 
springs characterized by containing 

[Claim 6] The copper alloy for conductive springs according to claim 1 to 5 characterized by being what used for a terminal, 
connector material, or switch material. 

[Claim 7] The manufacture method of the copper alloy for conductive springs according to claim 1 to 6 characterized by 
performing re crystallization processing at 700-920 degrees C after cold working. 

[Claim 8] The manufacture method of the copper alloy for conductive springs according to claim 1 to 6 characterized by 
performing an aging treatment at 420-550 degrees C after performing recrystallization processing at 700-920 degrees C after 
cold working. 

[Claim 9] The manufacture method of the copper alloy for conductive springs according to claim 1 to 6 characterized by 
performing an aging treatment at 420-550 degrees C after performing recrystallization processing at 700-920 degrees C after 
cold working and performing 25 more% or less of cold working. 

[Claim 10] The manufacture method of the copper alloy for conductive springs according to claim 1 to 6 characterized by 
performing 25 more% or less of cold working, and low temperature annealing after performing recrystallization processing at 700- 
920 degrees C after cold working and performing 25% or less of cold working, and a 420-550-degree C aging treatment next. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the copper alloy for conductive springs 
suitable for a terminal and connector material, switch material, etc., and its manufacture method about the copper alloy for 
conductive springs, and its manufacture method. 
[0002] 

[Description of the Prior Art] A copper alloy is conventionally used as a terminal and a charge of connector material, and many 
Cu-Zn system alloys. Cu-Fe system alloys excellent in thermal resistance, and Cu-Sn system alloys are used. Although many 
cheap Cu-Zn system alloys are especially used for the use of an automobile etc., it is the present condition that it is becoming 
impossible, as for the terminal for automobiles in recent years and a connector, for a Cu-Fe system alloy and an Cu-Sn system 
alloy to also correspond of course with a Cu~Zn system alloy since a miniaturization inclination is remarkable and it is exposed 
to the harsh environments in an engine room etc. in many cases. 

[0003] Thus, the property for which a terminal and the charge of connector material are asked is also becoming severer with 
change of the environment currently used. Although a stress relaxation characteristic, a mechanical strength, thermal 
conductivity, bending nature, thermal resistance, the connection reliability of Sn plating, the migration property, etc. are variably 
crossed to the copper alloy used for such a use. it is a property with especially important a mechanical strength, a stress 
relaxation characteristic, the conductivity of heat and the electrical and electric equipment, and bending nature. 
[0004] As a copper system material which fills such severe demand characteristics, the Cu-nickel-Si system alloy attracts 
attention, for example, JP.61-127842.A is known. However, it has lapsed into the state where such an Cu-nickel-Si system alloy 
cannot bear use, either. Specifically, when the tab width of face of the male terminal inserted in the miniaturization of parts, for 
example, a common core-box terminal, is miniaturized from 090 terminals which are about 2mm to 040 terminals which are 
about 1mm, the width of face of the spring section is about 1mm, and if parts are miniaturized in this way, it is difficult to obtain 
sufficient connection resilience. Moreover, although many devices are made by the structure of a terminal in order to secure 
the connection resilience in the spring section in relation to a miniaturization consequently, it is severer, and in conventional 
Cu-nickel-Si, the bending nature required of material is also bent and a crack produces it in many cases in the section. The 
same is said of a stress relaxation characteristic, and prolonged use is an impossible situation with the conventional Cu-nickel- 
Si system alloy by the increase of stress by which a load is carried out to material, and elevated-temperature-ization of an 
operating environment. 

[0005] In order to improve a stress relaxation characteristic under such a situation, addition of Mg is effective, for example, the 
effectiveness of Mg is shown in JP.61 -250134.A. JP.5-59468.A, etc. However, although a stress relaxation characteristic 
improves by Mg addition, the improvement of bending nature is indispensable for bending nature to deteriorate, to be unable to 
bear 180-degree adhesion bending, and to use it for an automobile connector etc. Moreover, although examination for improving 
bending nature was also carried out. since this was a strong low material, it was that from which a desired property is not 
acquired. Furthermore, if the conductivity of heat and the electrical and electric equipment is bad. in order that a stress 
relaxation characteristic may promote stress relaxation by self generation of heat as it is good, the balance of conductivity and 
a stress relaxation characteristic is important. 
[0006] 

[Problem(s) to be Solved by the Invention] Although the copper system material which examines bending nature, a stress 
relaxation characteristic, etc. and fills severe demand characteristics is proposed as mentioned above, this invention is a copper 
alloy which combines the outstanding mechanical property, conductivity, a stress relaxation characteristic, and bending nature, 
and offers the suitable copper alloy for a terminal and a connector. 
[0007] 

[Means for Solving the Problem] It is the copper alloy for conductive springs which this invention solves the above-mentioned 
technical problem, and Mg is restricted 0.01 - 0.20wt% 0.2 - 0.9wt%, a 0.05-1. 5wt% implication. S. and O content are restricted 
for Sn to less than [ 0.005wt% ], respectively, nickel is consisted of the remainder Cu and an unescapable impurity in 1.0 - 
3.5wt% and Si. and the grain size number exceeds 1 micrometer, and is characterized by being 25 micrometers or less as a 
principal component. Moreover, in the above-mentioned composition, it is the range which does not have a bad influence on the 
property of this invention, and even if it adds other alloying elements, for example, less than 0.2% of Zn, it does not interfere. 
Moreover, this invention is a copper alloy for conductive springs which Sn is restricted 0.05 - 1.5wt% 0.01 - 0.20wt%, a 0.2- 
1.5wt% implication, S, and O content are restricted for Zn to less than [ 0.005wt% ], respectively, 1.0 - 3.5wt% and Si are 
consisted of the remainder Cu and an unescapable impurity in 0.2 - 0.9wt% and Mg, and the grain size number exceeds 1 
micrometer, and is characterized for nickel by being 25 micrometers or less as a principal component. 

[0008] moreover, this invention is further chosen as the above-mentioned copper alloy from Ag. Mn, Fe. Cr, Co, and P — having 
— one sort or two sorts or more — a total amount — 0.005wt(s)% - 2.0wt% — it is the copper alloy characterized by containing 
For nickel Si 1 .0 - 3.5wt% as a principal component specifically 0.2 - 0.9wt%, For Mg Sn 0.01 - 0.20wt% A 0.05-1.5wt% 
implication. Further 0.005-0.3wt%Ag, 0.01-0.5wt%Mn. Respectively 0.005 - 0.2wt% Fe, Cr, 0.05-2.0wt%Co, It is chosen from 
0.005-0.1 wt% P. one sort or two sorts or more in a total amount A 0.005wt%-2.0wt% implication, It is the copper alloy for 
conductive springs which S and O content are restricted to less than [ 0.005wt% ]. respectively, it consists of the remainder Cu 
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and an unescapable impurity, and the grain size number exceeds 1 micrometer, and is characterized by being 25 micrometers or 
less. For nickel Si 1.0 - 3.5wt% as a principal component Moreover, 0.2 - 0.9wt%. For Mg Sn 0.01 - 0.20wt% 0.05 - 1.5wt%, Zn to 
a 0.2-1.5wt% implication and a pan 0.005-0.3wt%Ag, It Fe(s). 0.01-0.5wt%Mn — respectively — 0.005 - 0.2wt% — It is chosen 
from Cr, 0.05-2.0wt%Co, and 0.005-0.1 wt%P. one sort or two sorts or more in a total amount A 0.005wt%-2.0wt% implication. It is 
the copper alloy for conductive springs which S and O content are .restricted to less than [ 0.005wt% ], respectively, it consists 
of the remainder Cu and an unescapable impurity, and the grain size number exceeds 1 micrometer, and is characterized by 
being 25 micrometers or less. 

[0009] moreover, the copper alloy of the above [ this invention ] — further — one sort of Pb and Bi r or two sorts — a total 
amount — 0.005 - 0.13wt% — it is the copper alloy characterized by containing For nickel Si 1.0 - 3.5wt% as a principal 
component specifically 0.2 - 0.9wt%, For Mg Sn 0 01 - 0.20wt% A 0.05-1. 5wt% implication, One sort of further 0.005-0.1 wt%Pb 
and 0 005 - 0.03wtBi, or two sorts in a total amount A 0.005-0.1 3wt% implication, It is the copper alloy for conductive springs 
which S and O content are restricted to less than [ 0.005wt% ], respectively, it consists of the remainder Cu and an 
unescapable impurity, and the grain size number exceeds 1 micrometer, and is characterized by being 25 micrometers or less. 
For nickel Si 1.0 - 3.5wt% as a principal component Moreover, 0.2 - 0.9wt%, For Mg Sn 0.01 - 0.20wt% 0.05 - 1 5wt%, Zn to a 0.2- 
1.5wt% implication and a pan 0.005-0.1 wt%Pb, One sort of 0.005 - 0.03wtBi. or two sorts in a total amount A 0.005-0.13wt% 
implication. It is the copper alloy for conductive springs which S and O content are restricted to less than [ 0.005wt% ], 
respectively, it consists of the remainder Cu and an unescapable impurity, and the grain size number exceeds 1 micrometer, and 
is characterized by being 25 micrometers or less. 

[0010] moreover, it is further chosen as the above-mentioned copper alloy from Ag, Mn. Fe, Cr, Co, and P — having — one sort 
or two sorts or more and one sort of Pb and Bi, or two sorts — a total amount — 0.005wt(s)% - 2 0wt% — it is the copper alloy 
characterized by containing For nickel Si 1.0 - 3.5wt% as a principal component specifically 0.2 - 0.9wt%, For Mg Sn 0.01 - 
0.20wt% A 0.05-1. 5wt% implication, Further 0. 005-0.3 wt%Ag, 0.01-0.5wt%Mn, Respectively 0.005 - 0.2wt% Fe, Cr, 0.05-2.0wt%Co. 
It is chosen from 0.005-0. 1wt%P. One sort or two sorts or more, and 0.005-0.1 wt%Pb. One sort of 0.005 - 0.03wtBi. or two sorts 
in a total amount A 0.005wt%-2.0wt% implication, It is the copper alloy for conductive springs which S and O content are 
restricted to less than [ 0.005wt% ], respectively, it consists of the remainder Cu and an unescapable impurity, and the grain 
size number exceeds 1 micrometer, and is characterized by being 25 micrometers or less. For nickel Si 1.0 - 3.5wt% as a 
principal component Moreover, 0.2 - 0.9wt%. For Mg Sn 0.01 - 0.20wt% 0.05 - 1.5wt%, Zn to a 0.2-1. 5wt% implication and a pan 
0.005-0.3wt%Ag, It Fe(s). 0.01-0.5wt%Mn — respectively — 0.005 - 0.2wt% — It is chosen from Cr, 0.05-2.0wt%Co. and 0.005- 
0.1wt%P. One sort or two sorts or more. One sort of 0.005-0.1 wt%Pb and 0.005 - 0.03wtBi, or two sorts in a total amount And a 
0.005wt%-2.0wt% implication, It is the copper alloy for conductive springs which S and O content are restricted to less than 
[ 0.005wt% ], respectively, it consists of the remainder Cu and an unescapable impurity, and the grain size number exceeds 1 
micrometer, and is characterized by being 25 micrometers or less. 

[0011] Moreover, the above-mentioned copper alloy of this invention is characterized by being what is used for a terminal, 
connector material, or switch material. Moreover, this invention is the manufacture method of the copper alloy for conductive 
springs characterized by performing recrystallization processing at 700-920 degrees C after cold working. Moreover, after 
[ which is the manufacture method of the copper alloy for conductive springs characterized by performing an aging treatment at 
420-550 degrees C ] performing recrystallization processing at 700-920 degrees C after cold working, performing 
recrystallization processing at 700-920 degrees C after cold working and performing 25 more% or less of cold working again, it is 
the manufacture method of the copper alloy for conductive springs characterized by performing an aging treatment at 420-550 
degrees C. Furthermore, after performing recrystallization processing at 700-920 degrees C after cold working and performing 
25% or less of cold working, and a 420-550-degree C aging treatment next, it is the manufacture method of 25 more% or less of 
cold working, and the copper alloy for conductive springs characterized by performing low temperature annealing. 
[0012] 

[Function] The copper alloy of this invention makes it the main point to carry out the amount addition of specification of Sn, Mg, 
and the Zn, and to restrict S and O content to the copper alloy which the compound of nickel and Si is deposited in Cu matrix, 
and has a suitable mechanical strength, and heat and electric conductivity, and to exceed 1 micrometer for a grain size number 
to it. and to improve a stress relaxation characteristic and bending nature as 25 micrometers or less. This invention persons 
find out that the material which has the property which was excellent as the copper alloy for conductive springs which has the 
property which was excellent in specifying the content of this copper alloy component in detail practical especially a terminal, 
and an object for connectors can be made to realize, and, as a result, get the copper alloy of this invention. 
[0013] The reason for component limitation of the copper alloy of this invention is explained below. If Cu is made to contain 
nickel and Si, an nickel-Si compound will be made, this is deposited in Cu, and intensity and conductivity are raised. There are 
few amounts of deposits and target intensity [ be / less than / 1.0wt% / the amount of nickel ] is not obtained. Conversely, 
when the amount of nickel exceeds 3.5wt(s)%, it will have a bad influence also on about [ that the intensity which casting and 
the deposit which does not contribute to an on-the-strength rise at the time of hot working arise and balances a content 
cannot be obtained ], hot-working nature, and bending nature. Since the amount of Si is considered that the compound of nickel 
and Si which deposits is a nicke!2Si phase, if the amount of nickel is determined, optimal Si content will be decided. Sufficient 
intensity cannot be obtained like the time with few amounts of nickel as the amount of Si is less than [ 0.2wt% ]. Conversely, 
when Si content exceeds 0.9wt(s)%, the same problem as the case where there are many amounts of nickel arises. Preferably, it 
is desirable to adjust nickel and to adjust Si to 0.4 - 0.7wt% 1.7 - 2.8wt%. 

[0014] Mg and Sn are important alloying elements which constitute the copper alloy of this invention. There are these elements 
with regards to mutual, and they have realized good property balance. Next, the reason for limitation of these elements is 
explained. Although Mg improves a stress relaxation; characteristic sharply, it has a bad influence on bending nature. From a 
viewpoint of a stress relaxation characteristic, many contents are so good that there are at more than 0.01wt%. Conversely, if a 
content exceeds 0.20wt(s)% from a viewpoint of bending nature, it is difficult to obtain good bending nature. From such a 
viewpoint, the content range of Mg shows good balance in 0.01 - 0.20wt%. The more desirable content range of Mg is 0.01 - 
0.1 wt% from a viewpoint of bending nature. 

[0015] Furthermore, it found out that a stress relaxation characteristic was more improvable, maintaining good bending nature 
by adding Sn. Although Sn has the improvement effect of a stress relaxation characteristic and the effect is not so large as Mg, 
it is with regards to Mg and mutual, and good property balance is shown. If Sn is contained exceeding 1.5wt(s)%. the conductivity 
of heat and the electrical and electric equipment will deteriorate, and a problem will be caused practically. Although Sn content 
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also has balance with the amount of Mg. 0.05 - 1.5wt% shows good property balance. Specifically, when Mg is 0.01 - 0.05wt%, 0.8 

- 1.5wt% of Sn is desirable, and when the amount of Mg is 0.05 - 0.1 wt%, 0.05 - 0.8wt% of Sn is desirable. 

[0016] Bending nature is improvable although Zn does not contribute to a stress relaxation characteristic. Zn — 0.2 - 1.5wt% — 
desirable — 0.3 - 1 .0wt% — by containing, even if it makes Mg contain to a maximum of 0.20 wt(s)%, it is satisfactory practically 

- the bending nature of level can be attained moreover, the operation which Zn has the effect of improving the heat-resistant 
detachability of Sn plating or pewter plating, and a migration property, and improves punching processability — having — a 
practical viewpoint to Zn — 0.2wt(s)% — desirable — more than 0.3wt% — it is desirable to make it contain Although hot- 
working nature will be checked if Pb and Bi are added so much as an element which improves punching processability, although 
there are Pb and Bi. since Zn can improve punching processability. without having a bad influence on manufacturability. it is an 
effective alloying element, the upper limit — the conductivity of heat and the electrical and electric equipment — taking into 
consideration — 1.5wt% — it is 1.0wt(s)% preferably In addition, it is shown that it is in the better inclination at **** with Mg 
also from this example. 

[0017] As mentioned above, although the reason which limited the addition range of Mg, Sn, and Zn was explained in full detail, it 
is limited within the limits of these elements, and considering as the maximum content, respectively is not desirable. The range 
of a content with the practically best balance is Zn:0.3 - 0.8wt% Sn:0.2 - 0.5wt% MgO 05 - 0.15wt%. 

[0018] Next, the reason which limited the range of the content of Ag. Mn, Fe, Cr, Co. and P is explained, in that processability is 
improved, Ag. Mn, Fe, Cr, Co, and P have the analogous function, and choose it from Ag. Mn. Fe, Cr, Co, and P — having — one 
sort or two sorts or more — 0.005wt(s)% - 2.0wt% — it is made to contain 

[0019] While Ag raises thermal resistance and raises intensity, it can prevent big and rough-ization of crystal grain, and can 
improve bending nature. Although adding the third various element was the place tried conventionally in order to raise the 
intensity of an Cu-nickel-Si system alloy, they were those in which conductivity is lowered sharply, or a bending moldability 
deteriorates, and the property which is not desirable as a use for electronic equipment appears, this invention finds out that Ag 
is effective, as a result of repeating examination of the element which improves intensity and does not have a bad influence on 
other properties, a content is less than [ 0.005wt% ] — the effect — not appearing — reverse — 0.3wt(s)% — since it exceeds, 
and no bad influence on a property will serve as cost quantity although there is if contained, the optimal content of Ag is 0.005 

- 0.3wt%, and is 0.005 - 0.1 wt% more preferably 

[0020] Mn is effective in improving hot-working nature at the same time it raises intensity, and the effect corresponding to the 
content is not not only acquired, but [ even if the effect is small in it being less than / 0 01 wt% / and being contained exceeding 
0.5wt%, ] it degrades conductivity. Therefore, the optimal content range of Mn is 0.01 - 0.5wt%, and is 0.03 - 0.3wt% more 
preferably. 

[0021] Fe and Cr combine with Si, form an Fe-Si compound and an Cr-Si compound, and raise intensity. Moreover, the trap of 
the Si which remains in a copper matrix, without forming a compound with nickel is carried out, and it is effective in improving 
conductivity. Since an Fe-Si compound and an Cr-Si compound have low precipitation-hardening ability, it is not a best policy 
to make many compounds generate. Moreover, if contained exceeding 0.2wt%, bending nature will deteriorate. The addition in the 
case of containing Fe and Cr from these viewpoints is 0.005 - 0.2wt%, and is 0.005 - 0.1 wt% more preferably. 
[0022] Co forms Si and a compound like nickel and raises a mechanical strength. Since it is expensive, although it compared Co 
with nickel, and it uses the Cu-nickel-Si system alloy in this invention, as long as it is allowed in cost, it may choose an Cu-Co- 
Si system and an Cu-nickel-Co-Si system. When an Cu-Co-Si system carries out an aging deposit, a mechanical strength and 
conductivity become good slightly from an Cu-nickel-Si system. Therefore, it is effective in the member ******(ed) in the 
conductivity of heat and the electrical and electric equipment. Moreover, since it is slightly high, as for an Co-Si compound, a 
stress relaxation characteristic also tends to be improved for precipitation-hardening ability a little. The optimal addition in the 
case of adding Co from these viewpoints is 0.05 - 2.0wt%. 

[0023] P has the effect of improving conductivity at the same time it raises intensity. A lot of content promotes a grain^ 
boundary deposit, and reduces bending nature. Therefore, the optimal content range in the case of adding P is 0.005 - 0.1 wt%, 
and is 0.005 - 0.05wt% more preferably. Although what is necessary is just to have determined suitably according to the 
property searched for when two or more sorts of these were added simultaneously, it could be 0.005 - 2.0wt% in the total 
amount from viewpoints, such as thermal resistance, Sn plating, pewter plating heatproof detachability, and conductivity. 
[0024] Next, the reason which limited the range of the content of Pb and Bi is explained, that to which Pb and Bi improve 
punching processability — it is — one sort of Pb and Bi. or two sorts — 0.005 - 0.13wt% — it contains Pb is an alloying 
element which improves punching processability. The charge of terminal material is asked for the more excellent processability 
with press improvement in the speed in recent years. It distributes in a copper matrix, and since Pb becomes the origin of 
destruction, it improves punching processability. When there is no property improvement effect that the amount of Pb(s) is less 
than [ 0.005wt% ] and it adds exceeding 0.1 wt%. in order to also degrade bending nature. 0.005 - 0.1 wt% is the optimal and it not 
only reduces hot-working nature, but it is 0.005 - 0.05wt% more preferably. It is the alloying element which also pierces Bi and 
improves processability. 0. If the property improvement effect is small in it being less than [ 005wt% ] and it adds exceeding 
0.03wt%, the same property fall as Pb will be caused. Therefore, the optimal content range of Bi is 0.005 - 0.03wt%. and is 0.005 

- 0.02wt% more preferably. 

[0025] Although what is necessary is just to have determined suitably according to the property which is chosen from these 
[ Ag, Mn, Fe, Cr, Co, and P ], and is searched for one sort or two sorts or more and one sort of Pb and Bi. or when it contains 
two sorts simultaneously, it could be 0.005 - 2.0wt% in the total amount from viewpoints, such as thermal resistance, Sn plating, 
pewter plating heatproof detachability. and conductivity. 

[0026] Next, the reason for having restricted S and O content to less than [ 0.005wt% ] is explained. Usually, into a industrial 
copper material. S and 02 grade aims at realization of the property which was excellent in ****** rare ** conjointly with the 
convention of the grain size number to which this invention mentions these contents later with the alloy content mentioned 
above with restricting strictly. S is an element which worsens hot-working nature, is specifying the content as less than 
[ 0.005wt% ], and raises hot-working nature. It is desirable to make especially S content into less than [ 0.002wt% ]. Mg oxidizes 
that the content is more than 0.005wt%. and, as for O, bending nature deteriorates. It is desirable less than [ 0.005wt% ] and to 
make O content into less than [ 0.002wt% ] especially. Although contained in many cases in the usual copper system material at 
the minute amount. S and O which were explained above were important especially in the copper alloy of this invention, and the 
property excellent in specifying the v content is acquired, and they found out realizing the suitable property for a terminal and the 
charge of connector material. 
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[0027] In the composition of the copper alloy of this invention mentioned above, in order to realize the property suitably, it is 
required for a grain size number to exceed 1 micrometer and to set to 25 micrometers or less. In a recrystallized structure, it is 
it easy to change with a mixed grain size that a grain size number is 1 micrometer or less, and a stress relaxation characteristic 
declines at the same time bending nature falls. Conversely, even if a grain size number grows exceeding 25 micrometers, it has a 
bad influence on bending nature. Therefore, a grain size number needs to exceed 1 micrometer and needs to adjust it to 25 
micrometers or less. 

[0028] Subsequently, the manufacturing method of the copper alloy of this invention is explained. Cold working, for example, 
after cold-rolling, the copper alloy of this invention heat-treats the making it solution-ize with recrystallization purpose, and 
quenches immediately. Moreover, an aging treatment is performed if needed. In order to exceed 1 micrometer and to adjust the 
grain size number in the copper alloy of this invention to the range of 25 micrometers or less, it is necessary to control the 
conditions of recrystalfization processing in detail. Heat treatment at the temperature of less than 700 degrees C tends to serve 
as a mixed grain size, and in the temperature exceeding 920 degrees C, since crystal grain tends to grow big and rough, it 
performs recrystallization processing at 700-920 degrees C after cold working. Moreover, a cooling rate is quick as much as 
possible, and it is desirable to cool at 10 degrees C/s or more in speed. 

[0029] Next, about the conditions of aging heat treatment, the amount of precipitation hardening is inadequate in aging 
temperature being less than 420 degrees C. and sufficient property cannot be pulled out. Conversely, if it processes at the 
temperature exceeding 550 degrees C, a deposit phase will grow big and rough and not only intensity falls, but it will reduce a 
stress relaxation characteristic. Therefore, aging-treatment temperature was made into 420-550 degrees C. Furthermore, it 
turns out that a stress relaxation characteristic receives influence in the state of a deposit phase greatly, and they are the best 
conditions near [ where aging intensity shows a peak ] the temperature. On the other hand, as for bending nature, it is desirable 
for aging intensity to heat-treat by the overaging side a little from the temperature which shows a peak. Processing at 460-530 
degrees C is preferably the optimal from such a viewpoint. 

[0030] Moreover, after performing recrystallization processing (solution-izing) at 700-920 degrees C after cold working and 
performing cold working (25% or less) further, an aging treatment is performed at 420-550 degrees C. Although the aging 
treatment was immediately performed after solution-izing in the example described later, it is also effective between solution- 
izing and aging to perform cold working. In this case, processing of 25% or less of reduction of area which does not degrade 
bending nature is desirable. Moreover, after performing recrystallization processing (solution-izing) at 700-920 degrees C after 
cold working and performing an aging treatment at cold working (25% or less) and 420-550 degrees C. 25 more% or less of cold 
working and low temperature annealing are performed. Thus, you may perform cold working after an aging treatment. In this 
case, in order not to degrade the bending nature which is the feature of this invention, processing of 25% or less of reduction of 
area is desirable. Furthermore, when performing cold working after the above-mentioned aging treatment, performing annealing 
at low temperature comparatively after that is recommended. In performing this annealing by batch-type annealing, when . 
annealing between 0.5~5hr and ** performs at the temperature of 250-400 degrees C, it is desirable to carry out on conditions 
(5-60s) with the temperature of 600-800 degrees C. This annealing carries out the rearrangement of the transposition 
introduced by cold working, and has the operation which suppresses movement of transposition as a result. Therefore, when the 
above-mentioned cold working is performed, a stress relaxation characteristic can be improved by annealing. You may correct a 
tension leveler, roller BERA. etc. before the last heat treatment or to the back if needed. 
[0031] 

[Embodiments of the Invention] The copper alloy of this invention has the outstanding mechanical strength, bending nature, a 
stress relaxation characteristic, Sn plating detachability. punching nature, etc., is equipped with the property for which general 
electrical conducting materials, such as a terminal and connector material, switch material, and relay material, etc. are asked 
especially, and explains it in detail according to an example. 
[0032] 

[Example 1] The 1st example of this invention is shown in Tables 1-6, and it explains. Alloy composition of the example of this 
invention, Table 2, and Table 3 are alloy composition of the example of comparison, and the conventional example, and. in the 
property of the example alloy of this invention. Table 5, and Table 6, Table 4 shows [ Table 1 ] the property of the alloy of the 
example of comparison, and the conventional example. In addition, the arrow of front Naka shows the same thing as the upper 
column, and the proof stress value of (*) is low, and since it caused plastic deformation in the sample set stage, it carries out a 
test stop. 

[0033] First, with the RF fusion furnace, the alloy of the composition described in Table 1 - 3 was dissolved, and it cast with the 
cooling rate of 6 degrees C/s. The size of an ingot is 150mm in the thickness of 30mm. width of face of 100mm. and length. 
Next, since these ingots were hot-rolled at 900 degrees C, it cooled promptly. In order to remove a surface oxide film, after 
carrying out facing to 9mm in thickness, 0.25mm in thickness was processed with cold rolling. Then, the making a test specimen 
solution-ize with recrystallization purpose, heat treatment for 30s was performed at 750 degrees C, and it quenched with the 
cooling rate of 15 degrees C/s or more immediately. The aging treatment performed heat treatment of 515 degree-Cx 2 hours 
in the inert atmosphere, and was taken as the material with which an examination is presented. 

[0034] It sampled from the manufactured material, the grain size number was measured, and various characterization of fracture 
surface (%) and a ratio, and a barricade (micrometer) was performed as TS(tensile strength)N/mm2, El(elongation) %, EC 
(conductivity) %IACS, bending nature. S.R.R(rate of stress relaxation) %. Sn plating detachability, and punching nature. 
[0035] The grain size number, i.e.. the size of crystal grain, observed by using a comparison method and an intercept method 
together according to JISH0501. In the comparison method, microscope observation (75 times or 200 times) was carried out, 
and the test piece was measured. At the intercept method, it measured in the board thickness cross section parallel to the 
processing direction. Tensile strength is JISZ2241 and measured conductivity as a value which shows the conductivity of heat 
and the electrical and electric equipment according to JISH0505. 

[0036] As for evaluation of bending nature, the inside bend radius performed 180-degree adhesion bending of OR. the index of 
evaluation — A. wrinkling — there is nothing — fitness B. C. by which a small wrinkling is observed — D. which has not 
resulted in the crack although a big wrinkling is observed — E. by which a detailed crack is observed — it evaluated in 
observing [ a crack ]-clearly 5 stage, and more than the evaluation C was judged to be the level which is satisfactory practically 

[0037] Evaluation of a stress relaxation characteristic was performed based on EMAS-3003 which are the JEOL material 
Semiconductor Equipment & Materials International standard. The ****** block formula was adopted here, load stress was set 
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up so that 450Ns /of surface maximum stress might be set to 2 mm. and it examined by the 150-degree C thermostat. The rate 
of relief after 1000hr examinations (S. R.R) showed to Table 4-6. 

[0038] The ****** block sequence of the test method of stress relaxation is shown in drawing 1 ^> (M- ana " ft * s a 
perspective diagram and (b) is a side elevation, and drawing 1 (a) supports one side of a sample (1) by the attachment 
component (3) to a pedestal (2) at support-at-one-end ******, and changes another side into the state where it was distorted 
to the sample (1) with a block (4), and deltao (initial deflection variation rate) was given. Predetermined-time (this example 1000 
hKs)) heating of the sample (1) is carried out in this state at 150 degrees C. As shown in the side elevation of drawing 1 (c) 
after predetermined-time progress, distortion deltat (permanent deflection variation rate) in the state where the. block (4) was 
removed was measured, and it asked for the rate of stress relaxation (%) by the following formula. 

rate (%) of stress relaxation =(deltat/deltao) x100 — in addition — initial deflection — a variation rate is calculated from 
Young's modulus, board thickness, etc. so that surface maximum stress may become a predetermined value (450N/mm2) (the 
calculation method is based on EMAS-3003) 

[0039] The heating detachability of Sn plating evaluated plating ablation of the portion by viewing, after carrying out air heating 
of 150 degree-Cx 1000 hours for the test piece which gave 1 -micrometer gloss Sn plating, and it carried out 180 adhesion 
bending and bend return. When ablation of solder was accepted, it was described in Tables 4-6 as "**." 

[0040] Punching nature was investigated by examining by piercing with metal mold (product made from SKD1 1) (a 1mmx5mm 
square hole being prepared). And the punching side of the sample extracted from a part for the 5001st time to the 10000th 
punching at random 20 pieces was observed, and the thickness of the fracture section was measured. The average of the rate 
of the thickness of the fracture section to the thickness of a test piece is shown in Tables 4-6 by % display (it is displayed as 
F.A.R in front Naka). The height of the barricade of the sample similarly extracted from the 5001st time to the 10000th punching 
portion at random 20 pieces was found with the contact process configuration measurement machine also about barricade 
measurement, and the average was indicated to the table. 
[Table 1] 
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35 


6 
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T 


•* 46 


7 
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16 


40 


B 
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T 


41 


11 




39 
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16 


35 


6 


23 


T 


47 


8 




40 


660 


15 


40 


B 


26 


T 


46 


9 




41 


680 


16 


39 


6 


24 


1 


44 


10 




42 


670 


17 


46 


B 


34 




38 


13 




43 


650 


16 


38 


B 


33 




37 


13 




44 


680 


11 


44 


D 


19 




40 


11 



[0041] It turns out that the examples 1-21 of this invention show the property which was excellent in all of the various 
properties of TS (tensile strength). El (elongation), EC (conductivity), bending nature, S.R.R (rate of stress relaxation). Sn plating 
detachability. and punching nature so that clearly from Table 4. 

[0042] On the other hand, the target intensity is not obtained but punching processability is also inferior in example No.of 
comparison 22 with few amounts of nickel-Si as compared with other materials. Conversely, although there was no difference in 
respect of intensity as compared with example No.of this invention 4 with little example No.of comparison 23 in the amount of 
nickel-Si with many amounts of nickel-Si, bending nature showed the degradation inclination. That is, since bending nature is 
inferior, it is unsuitable as a terminal and an object for connectors to add nickel-Si more than the amount specified by this 
invention. 

[0043] Example No.of comparison 24 with few additions of Mg are sharply inferior in the stress relaxation characteristic as 
compared with No.2 of the example of this invention, and No.5. Example No.of comparison 25 are inferior to example No.of this 
invention 6, and No.7 by the same reason as this, even if this adds Sn independently into the conventional Cu-nickel-Si alloy 
(conventional example No.42), it shows that the big improvement effect is not expectable in a stress relaxation characteristic, 
and is in agreement in the property of the conventional Cu-nickel-Si alloy containing Sn (conventional example No.43) 
[0044] As for example No.of comparison 26 whose addition of Mg is more than the amount of conventions of this invention, 
bending nature has deteriorated. This is unsuitable as a terminal and connector material. Zn which can improve bending nature a 
little — more than 1wt% — even if it added, good bending nature was not securable Example No.of comparison 27 with few 
additions of Sn are inferior in respect of the stress relaxation characteristic as compared with No.2 of the example of this 
invention. Conversely, example No.of comparison 28 with many additions of Sn were one of the composition which showed the 
stress relaxation characteristic which was most excellent in in having performed the effect of Mg, a phase ball, and this time 
manufacture. However, conductivity becomes the lowest and it cannot be said that it excels in balance. Conductivity becomes 
low and example No.of comparison 29 with many additions of Zn are not excellent in property balance. 

[0045] The Fe-Si compound generated so much example No.of comparison 30 whose addition of Fe is more than the amount of 
conventions, and the amount of precipitation hardening not only fell, but they had the bad influence on bending nature. Example 
No.of comparison 31 which made [ many ] the addition of Pb produced the crack during hot working, and were not able to 
manufacture it normally. In addition, the crack arose at the time of hot working, and example No.of comparison 32 which have S 
out of this invention range were not able to perform subsequent characterization. Moreover, the oxide of Mg was generating 
[ O ] many example No.of comparison 33, and bending nature deteriorated. 

[0046] Example No.of comparison 34 performed annealing for making it recrystallize in 680 degree-Cx30s. Consequently, 
average crystal grain is 1 micrometer or less, and became the organization where comparatively big crystal grain and small 
crystal grain are intermingled. Depending on the place which extracts the test piece which performs bending nature, a result 
which produces a crack was brought for the uneven organization. On the contrary, since example No.of comparison 35 heat- 
treated in 930 degree-Cx30s, crystal grain was set to about 30 micrometers. Since it became big and rough crystal grain, it not 
only has a bad influence on bending nature, but the stress relaxation characteristic declined a little. 

[0047] Moreover, example No.of comparison36-No.41 are the example of comparison which added elements other than Sn into 
the Cu-nickel-Si-Mg-Zn alloy. Any [ these ] stress relaxation characteristic of an alloy is a stress relaxation characteristic of 
the same grade as example No.of comparison 27 with few additions of Sn, and it turns out that addition of these elements 
hardly contributes to stress relaxation. 

[0048] Next, if it sees about the alloy which exists from the former, conventional example No.42 are an Cu-nickel-Si alloy, and 
other alloying elements are not contained. In this case, since a stress relaxation characteristic does not contain the point which 
is not good, and Zn, a problem is in the heating detachability of Sn plating. Conventional example No.43 are as point ** the 
material which added Sn and Zn into the Cu-nickel-Si system alloy. Although the heating detachability of Sn plating improves, 
the stress relaxation characteristic is equivalent to conventional example No.41, and inadequate. 

[0049] No.44 are the material which added Mg and aimed at the improvement of a stress relaxation characteristic. Although the 
stress relaxation characteristic improves according to the effect of Mg. a problem is in bending nature. In order to obtain a 
stress relaxation characteristic equivalent to these conventional example No.44, and good bending nature, it is attained by 
reducing the amount of Mg, adding Sn like example No.of this invention 2, and adding Zn which improves bending nature further. 
The heating detachability of Sn plating is also improved according to the Zn addition effect. 
[0050] 

[Example 2] Table 7 and Table 8 explain the 2nd example of this invention. As the alloy which consists of composition of 
example No.of this invention 2 shown in the above-mentioned example 1 is manufactured at the process depended table 7 and 
is shown in Table 8, the 2nd example Various characterization of F.A.R, and a (%) and a barricade (micrometer) was performed 
as TS(tensile strength)N/mm2, El(elongation) %. EC(conductivity) %IACS, bending nature. S.R.R(rate of stress relaxation) %, Sn 
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plating detachability. and punching nature. The evaluation method is the same as that of an example 1. 
Table 7] 
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[Table 8] 





No 


TS 
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S . R. R 
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45 
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15 


39 
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46 
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15 


39 
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18 
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7 




48 
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39 
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18 




41 


9 
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B 


17 
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B 
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29 
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11 
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40 
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16 




53 


3 




59 


730 1 


4 


38 


0 


22 




51 


2 



[0051] Each example No.of this invention45~No.53 which is the alloy manufactured at the process of the example of this 
invention showed the outstanding property so that clearly from Table 7 and Table 8. However, example No.of comparison 54 had 
low heat treatment temperature, crystal grain was not uniform as a result, and bending nature deteriorated. Since example No.of 
comparison 55 heat-treated in 930 degree-Cx30s. crystal grain was set to about 30 micrometers. Since it was big and rough 
crystal grain, it not only has a bad influence on bending nature, but the stress relaxation characteristic declined a little. 
[0052] Example No.of comparison 56 had low aging temperature, and the inadequate hatchet strength property deteriorated 
[ the deposit]. The stress relaxation characteristic also declined sharply simultaneously. Conversely, No.57 had high aging 
temperature, and since the sludge turned big and rough, the stress relaxation characteristic declined sharply. Example No.of 
comparison 58 are the example which performed cold working by the above working ratio specified by this invention after aging. 
Although the stress relaxation characteristic was excellent rather, bending nature fell. Although the rate of cold working after 
aging of example No.of comparison 59 is not high, it is the example which did not perform the postheat treatment. Elongation is 
low and not only bending nature fell, but the stress relaxation characteristic declined a little. 
[0053] 
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[Effect of the Invention] As described above, the copper alloy of this invention deposits the compound of nickel and Si in Cu 
matrix, and does so the effect that the copper alloy which combines the outstanding mechanical property, conductivity, a stress 
relaxation characteristic, and bending nature is obtained, Sn, Mg, or by having carried out the amount addition of specification of 
the Zn further, having restricted S and O content, and having exceeded 1 micrometer and having set the grain size number to 
25 micrometers or less. Since it excels in intensity, conductivity and a stress relaxation characteristic, and a bending moldability 
and excels also in the heating-proof detachability of Sn plating, or punching nature as a terminal and an object for connectors 
especially, it can respond to small and highly-efficient-izing which are an inclination in recent years suitably. Moreover, although 
this invention is suitable for a terminal and a connector use, the effect of offering a copper alloy suitable also as general 
electrical conducting materials, such as a switch and relay material, is done so. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. ****. shows the word which can not be translated. 
_3.In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Q2i3Wing.il Drawing explaining the examination of the stress relaxation of this invention example 
[Description of Notations] 

1 Sample 

2 Pedestal 

3 Attachment Component 

4 Block 
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0. 20wt%. SnJO. 05~1. 5wt%. Zn 
£0. 2-1. 5wtm. $6fc:0. 0 0 5-0. 
3wt%Ag, 0. 01-0. 5wt%Mn, -W^tl 
0. 005-0. 2wt%©Fe, Cr, 0. 0 5 — 
2. Owt%Co. 0. 00 5-0. lwt%P©(ffr 

6§«nia*fcii2a^±. r#o. 005-0. i 

wt%Pb. 0. 0 0 5-0. 0 3wtBiODia*fc 
ti2S£*gfiT0. 0 0 5wt%-2. Owt^. 

s, o#*rfi£we*io. o o 5w t %*m\zM®. 

[0 0 11] #%W©JbfBIB&&tt, SSB% 

*ai&fcPilSIIJag£ 7 0 0-9 2 0XTfr5 
^*0l^lC^aMS*7 0 0-9 2 0XX*fTofc& 

lr, 4 2 0~5 5 0t:Tfifajaa£fT3::£fc4$«£-r 
**«tt«fcJ8IH^©«ii^T***fc. fclSUni 

mzn%§k&W* 7 0 0-9 2 0 XX-frVV $ C \Z 2 5 
%WTcD^KJ!lOX<&ff^^t, 4 2 0-5 5 0*CTl$ 

it^ftT*^5. se>lr. #F.aiox&lc?f£ll$!ig£ 7 o 

0-9 2 OTC-CfflrV %.\Z2 $%&>T<Dl$mtoX, 4 2 
0~5 5 0rT©l$^Mg£fT?*:&fc. £6K25% 

aro^iajpi. Rtffifi««£fT3 

[0 0 12] 

[ffrfl] #fEW©8!££te. CuVhU-^^XtplCN i 

*a**tt*Wr«ffl^*t. Sn, Mg. ZnSftS 
ftgs*DU S. flOlSMtftSl 

t££&IIT*C££t : P£l,XV>£. #3691#&tt. d 

[0013] £tTt*»w©ffl^©/at»iasaai*K 

Wf*. CulcN i tS i S^WStt-SiiN i -S i<t 



N i 11)5*3. 5 w t <bHjg, MIRHOXttirai 

fc®»B£-£*.*J:£l:ifc5. S iftttfftfi-rSN i £ 
S i ©ft^^N i 2 S i *aT*-5t#^.6tlSfc«e>, • 

n i fifcfcjrratiftSfcs i ^rft*«ft*s. s \ m 

&0. 2 w t X*»T*5iN i im^tfEtHfil 
PUI^fi. *fSL<tt. Ni*l. 7-2. 8wt 

%, si^o. 4~o. 7wt xiiviirr stt jwb* 

IK 

[0 0 14] Mg. Sntt*£B<Z)ft&&$lftj$-r$ft 
R&*i07C*T*5. C*l.6©7C*tttt£fcPWSL*o 

«rtt©*j&5> 0 . 0 1 w t %K±T£*T*tt£V» 
KEJ:ir». i£fci&tf*nxtt©t&£fre.tt, dfttttfo. 
2 Owt £&fffcfttftaXtt£#£;iiteB 

Jl©J:3a:«A*»6. Mg©^M6HttO. 
0 1-0. 2 Owt Xfc*V»Tfifffc>t5>XS5?r. 
ft If initt©«j&&> S«fc 0» * L^MgC^MUt 
0. 0 1 — 0. lwt %T&3. 
[0 0 15] SSfc. SnS:*D^.^CtJlJ:0, fiJffc 
ifttfJlQX&S&ofc**. «kt)JS*»»«ftt*a«-Cft 

£Wf-Sfc©©. f©MttMgS£**<ftlf^. M 
g t fflSICK^ t & t> X&$? ft#ttA* 9 >X S5Rf fc © 
Snftl. 5wtX&tt*.T£$rfS£. &R 

^rMttMgat©**a^v» 0. 0 5-1. 5 
wtS5Tfiff&Wt7>^S*t. JMfcMlCte. Mg 
#0. 0 1-0. 0 5wt%Oi^l:lt Sn-ttO. 8 
-1. 5wt%WSL<. MgMO. 05-0. 1 
w t %©*g&l;ite, SnliO. 0 5-0. 8wt%W 

[0 0 16] Zn»4«*filW«fttfc:tF4-b&V»*<. flltf 
laxttsefcsrr* Zn£0. 2-1. 5 

wt%. ff*b<«0. 3-1. 0wt%Mt5ot 
ICcfcO. Mg^O. 2 0wt%mtm^ 
fflX^jSyi^i/^wtttfttixtt^S^X'^^. £fcz 

n«Sn^y+^A>^^7+©K^S!l8ttt, ^-iifl- 
— >3>^tt**S-r*a*ftWL. *T^fe#J0Xtt& 
efeg-r^^ffl^Wb. Iffl±«I^^Zn$0. 2 w 
t%. ffiKUO. 3wt%KimSt5C^l 

tin. ff-&s^»nitt£&#-r-57c^tLx«. P 

b. BiiW. Pb, B i l&$ftlc8fflr*~«£ftH 
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-?-©±ib»& •«&©£««£#« u 1. 5w 

t%. jffSKttl. Owt%T$5. fcfc, *mmm 

[0 0 17]tt±. Mg. Sn. Zn©SJfl«ffl£E5£ 

&<&/l7>*©&$rfc£#ft©ffiiatt. Mg : 0. 0 5 

~0. 15wt%, Sn : 0. 2~0. 5wt%. Z 
n : 0. 3~0. 8wt %ir&3. 

[0 0 18] Ag, Hn, F e. Cr. Co, P 

n, Fe, Cr, Co, Pte. jbPItt§55:§"f * iV>5 
^"CS<H©»iBSWbTVi5%)OT*0» Ag, Mn, 
Fe. Cr. Co. P©tf»j&»Sg«ftia*fctt28K 
±£0. 005wt%~2. 0wt%M^t?>fcOT 
S3. 

[0 0 19] Agll B»ttS±tf. 3£g£±#3it* 
-TSJ:t**-C#S. 0*J:D, Cu-Ni-S i^M 

©5£g£±#s-e-<5fcfcica* ©»=7c***inir* - 
Tjf*L<&wwfe&*«ns ! b©-c*ofc. 

B«*IrI±U J^*©te©1^iasSHff£R«3ftv» 
5c*©tfcttfc«D£Lfc»jk Ag*»«SST*s:ii* 

t** fc-t©j»»**sftf\ a* ir o . 3 w t %m^xt 

#T*£#tt±©E»Sttfcl*'b©©. 3 7. r- itS £ ft 3 
©T. Ag©£jg£#fitt0. 0 0 5-0. 3wt%T 
«kD0£b<teO. 0 0 5~o! lwtXT* 

[0 0 2 0] Mnli. 3ME*±»S-&StH^CjaiBHlD 
Itt*8MI"f SSMW* 0 . 0 . Olwt %*?8T&£ 
t*®J»*#/hS<» 0. 5wt%*imtbT 

e»tt**ft*-e-a. <kt>TMn©ajg^tgffl«. 
0. 01-0. 5wt%T&t), <kO$?*L<tt0. 0 
3-0. 3wt%T-&£. 

[0 02 1] Fe, Crfi, S i Fe-Si 
fc£#>. C r - S i ft^ft*»i3tb5S«S±»d-&*. 

5. Fe-Si C r - S i ffc£feteifrtij@!{t:tg 

s»Hftv^». # < ©ft^tt -a-* z. t mm-vu 

Sfc, 0. 2wt%£&^T^Wf sitttfJDltt 
jWfcftUT<S. dtlS©Jg^&. Fe. Cr^f 
*-*«£©*»««. 0. 0 0 5-0. 2wt%T*& 



U a«W3SKSfi]±***. Cote. NifcitUSfiB 
#5£WTttCu-N i -S i *£&Sfijffl 
LTV>-5#. 3*hMfcfr$n£©T£tlK. Cu-C 
o-S i ItCu-N i - Co-S i &£jlifibTfc.k 

v>. cu-co-s i %\mmvimitfztziBG\z., cu 

-N i -S i»ADa««*ffi. »*tt#fcff#fcfi< 

fcttWSS-cs&s-. co-s i ft^KittttlBffftlB 

ic*^. &©&£#>&, co£t6]n?«4i6©Ki 

gsjjpfite, 0. 0 5-2. 0wt%Ti&5. 
[0 0 2 3] Ptt. 3M^±#S#S*EI5fc»*tt£ 

fijISW&Hte. 0. 0 0 5-0. lwtXT*0, «t 
tJ$?£L<te0. 0 0 5-0. 0 5wt%T-&3. utl 

0.0 0 5-2. 0wt%tUfc. 
[0 0 2 4] Pb, B i ©-£WM©$eH£l85£L 

fcaft*»wr*. Pb, Bill n%ik%mx&&& 

W?Z>*><DT\ Pb. B i ©ia£i£te2g£ 0. 0 0 
5-0. 13wt%ttt5t>©TS5. Pbl*?T5& 

#ipitt*as-r*»aii7c*-c**. >a*©7v**a[ 
&nxvi*. Pbti^hu^^^^ic^mt, sat© 

0 . 0 0 5 w t X*«T?feS t«tt&fK&*J& l &< . 

o . lwt %£&*T«rs t^ra*pxtt*«T$ti- 
&tf*DTtt<t ffitfJwr&£fc^fc2it-£ifc£. o. 

0 0 5-0. lwt%#«jgT-&D, <kD$f*b<Wt 

0. 0 0 5-0. 0 5wtXT*5. B i *>rr&ft#*D 

Itt*i&?Sr*»*l7C*T*S. 0. 0 0 5wt%*i 

T**tWt*«»*38***<» 0. 0 3wt%£jg*. 
T^Jp-r-5tPb<?:^«©^1t©T$*-r. i^TB i 

©&5g£#*SBte» 0. 0 0 5 — 0. 0 3wt%T'& 

D, <kD$r£L<te0. 0 0 5-0. 0 2wt%T& 

[0 0 2 5] Cine>Ag. Mn, Fe, C r, Co, P 
©*j&»S8«nia*fctt2«H±, RtfPb. Bi© 

mmzfoCTWM&fe-rtiti&w* w&tt. sn*-v 

IT0. 0 0 5-2. OwtXtL'fc. 
[0 0 2 6] S. O^*rffi£0. 0 0 5w t 
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■z<Df;%mzo. o o 5wt %mffitm%.-rz>ztx\ 
mffltox&*fa±tEvz>. mzsttm* o. o o 2w 
t%mmz?ztt&m£i,^. on, -?-©£*rg# 

O. 0 0 5wt%UU.T&3<»:, Mgrf^tSnTflW 
iPltt^fr^. O^Wft^O. 0 0 5wt%£TF. 
mz.0. 0 0 2wt%*^|-r-2.^t^S*UVi. U*± 

iftiifcs. oii. 5i#©f?i&#frW;:is«fc-&w;*n 
$>o. ^©^Wfi£&£?-5££T-&nfc4$&;W#e>n 

* [0 0 2 7] J^bfc#Bg©g&&©gj£fc£V>T, 
£jB*.2 5 MmJ^TtTSCl^&gTfcS. &&&& 

[0 0 2 8] *»WOffi^fe©SiSffit:t>V»T 

£fT5=b©T-&3. #f£g©«£&fc:feW-3g»&«£ 
1 5 0mgT©gg&gS?£fc©Kli* 

mssjaaoftfrSffaiciHw-rsj&ii^fes. 700 
t;*g©fi£T©g«igra. 8tt&tt9Jt<. 9 2 ox: 

rainigtsissgg* 7 0 0-92 otrtfr?*)©-? 

[0 0 2 9] gagfflgO&frfc^Tli. KSi 

0. 3fe»^tt*5l#mi-^t*«T*&^. ifi£5 5 0 

TLS5. i?T, g&gg££tt4 2 0~5 5 01C£ 
Lit. £*g»fttettlJraiffi©ttgfc:*#'< 

rggffig*igA*#T**. -^..tfbifinxtttiK^ 
\£-9*miUZto S aHHigggTgggfcfr 

0 ~ 5 3 0 TCT©jBg*«*fiT* 6; 
[0 0 3 0] Sfc. ^HttlXftlrfllSaftS (*#ft) 
^7 0 0~9 2 0"CT-fT^. S&fcftPUlOl (2 5%& 
T) «i?fcftl:4 2 0~5 5 OtTgSW&gfefTSfe 



fcgglglCggJifflS (»(Wt) £700~920t: 
TfrK fcgflDX (2 5%«T) . 4 2 0~5 5 0tn? 
ISa«i*frofc«i:, S&fc2 5*ftT0?MMOI. 
Rtfftaj*fiE*ff5fe©T*S. £©<k5KIWag& 
£fcgijni*gLTt>g;fo&V>. " t©«^tt*5£W©» 

2 5X«T©initfg*b^. 5Efc. ggogg&gg 
©frgiBlSfrSg^fctt. -t©fttltRWfifiT©» 

gsfr^iMigstis. coggfc/tyystgg-c 

fr5«£fctt. 2 5O~4OO'C0jaiT'O. 5-5h 
r, *H«M-Cff5«^lCtt6 0 0-8 0 0"C©iaST- 
5 ~ 6 0 s ©fcfrTfr 5 d &#g£U>. £©&&«# 
WiBlTgASnfcettfcBEgU JgjftWfcttfett© 

ggsgg-rsftufl fE-px, g£©$ginx 

sefeg-ra^t^-css. f&Kt«UT«R©ay»gw 

gl/<ttil:r>->a>K7- J ?'P-7-'<7-§0 
[0 0 3 1] 

[«w©gg©»g] #$£w©g£&ra, &\itmm 

gg. fttfJpXfe jS*g»gtt..Sn*y*g«tt. 

yi/-#g. -jRg«tm«c:**&n5»tt 

S«jtfc'b©-C*D, gggC-fcOggtRW-T*. 
[0 0 3 2] 

[ggg 1 ] *«W©« 1 ©gggfcS 1 ~ 6 C*LR 
gf*. gltt*RggO**gg» g2. gSttJtK 
g, flE*g©^^g(3tT»0, g4tt*«gg^&©1* 

it. gs. g6»Jtgg. flatgoAgagtt***"*) ' 

©T&S. 3^*3. fefc, g+©fcBJWUt©g£gU£fc 
SS-rtOTSOv (*) »*g*g«»tt<. H^-ky h 

agTMffieg*fic ufcfc©ica^*±bfcfc©T-fe 

[0 0 3 3] ST. gg&gg^CT. gl ~S3 ICR 

■ragoggtggu g»gg6T:/$Tga^«». 

gg©lM XHWS 3 0 mm. (S100 mnu 1 5 
OmmT'^5. *fciin&©gg* 9 0 OlCTgWffiB 
«bT^&. g^fcJMPtffofc. gg©g{tg*» 
g-rZtc&mH 9mm*TffiB l JbT^&. ^P B 1EM{C<fc 
OW^O. 2'5mmKJPIbfc. ^©g. ^Ktf^S*S 
S t BWT. 7 5 0tf3 0 s©&$ag£ 

ffV>. g^Kl 5lC/sK±©»flIjigTg*Xn*ff 
ggggtt. 3FftttgHSt+T5 1 510X2^1 
©gijag^Mb. gglc«-r**t gt bfc. 

[0034] m&Ltzttm^-*y>7 , )>yi'T. gg 

ggfcggb. TS (^l?S0^S) N/mm2, El 
(#110 X. EC (gg$) XI ACS, gtfJDltt. 
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[0 0 3 5] smsi* W58&s©*t?stt. j i s 
ho 5 o i K2pu. ttMtmtmm^mLtamiff^ 
fc. )mm^\mm**mmk®m (7 sm^it\xz o 
ofg) Lxasebfc. 9}W\mT'\tmxjifa\z¥-fTUfom 

BfiBTWS*ff ofc. 9k>9DBKtt J I S Z 2 2 4 1 

HO 5 0 5fc2pDT*£bfc. 
[0 0 3 6] tttfiQItt©ffF»i, rt<SWf¥S#OR 

©18 0° m%MJ*ftoit. mm<D¥§m\t* 

A. Lt>*f£<m 

©ssktimbu mmcu±*mm±mm<Dmwt 
[0037] &j]mm¥f&wmm\t* B**Hmi* 

6**a*T»*EMAS-3 0 0 3fcip»LTfrp 

4 5 0N/mm*££5.fc3fcA«WSafcRj£U 1 5 
0*COfifl*T|i»Sff"3fc. «4~£6£tt. 10 0 
Ohrtt^©gfO^ (S. R. R) T^bfc. 
[0 0 3 8] JS*ttft©K«*tt©)M*--&yDy^acJC 
OUT, 01 (a) (b) (c) fcjRf. 01 (a) tt 
8S0, (b) tefl!l®0T&O, -9">y;P (1) ©-# 
teSft (2) (CftKPtftt (3) T>t*"6ttlBfc*»b. 

ho-tttzfuvV (4) fciD*>y;p (l) 



6o timmittowzm z-$tttzm\ztz>. z<om& 
TU->y;p (i) si 5o-cia?r£Rra 

1 0 0 0 h r) JDHft-r^. BrfittHgjltfc. 01(c) 
©WffiHlcS-ri^t:. ^D-^ (4) SttDRtUfctt. 
HT©£*-fi t (JkAfcfciMEfi) sai^u «*«fp 
* (%) tt*SCT*»fc. 

(%) = (<5 t/a o) x i o o 
fcfc. ^®S^^^m^©flt (4 

5 0N/mm 2 ) £&£<k5. \>V^ WffrbVt 
n-?2>b<DT'$>Z> (ft3££i£ttEMAS-3 0 0 3 Cfc 

[0 0 3 9] S n * y *©lpJ»fHltttt, 1 /im©3£K 
Sn*y**«bfcliUWt-*l .5 0*CX1 0 0 O^W 
*§U)0&£bT^S. 1 8 Og©g#ffitf, fc<fctffttf 
*©»£©* v*W«SB«lCTIM5b 

fc. ¥ffl©f««#gasns«£. S4~6t r#j t 

[0 0 4 0] *T£&#&te. (SKD1 1§S) TfT 
(lmmX5mm©M*W5) SfrpC 
iCADK^fc. fl/T5 0 0 USSR'S 1 0 0 0 0@ 
B©fT&tt*#J&>& 2 0e^^KlttttJbfcU->yjP©. 
tffcili*iB£^LTtt«»©*S*MJfeLfc. «4~ 

6 icJiKIWt©** lC»-r**W»©ff * ©«-&©W 
<lS%«^T^-r ttEtTF. A. RtlS) . /tUW 
J6lCOUT"bHflifc» 5 0 0 lBB^Sl 0 0 0 OBg 

©fr&a*»##& 2 oii^^ictttHbfc-y->y;p© 

;t»J©»**»«SC»ttWJ6*T*©. WttS«fcIE 

©tit. 
can 





No 


Ni 


si 


Mg 


Sn 


ZD 


S 


0 








1 


1.5 


0.34 


0. 07 


0.31 


0.49 


0. 002 


0. 001 




5 


* 


2 


1.9 


0.48 


0.08 


0. 30 


0.48 


0. 002 


0. 001 








3 


2.5 


0.60 


0.08 


0.30 


0.49 


0. 002 


0. 001 






M 


4 


3.0 


0. 75 


0.07 


0.31 


0.50 


0. 002 


0. 001 










2.0 


0.48 


0.04 


0.30 


0. 50 


0. 002 


0. 001 








6 


1.9 


0.48 


0.03 


0.85 


0. 49 


0. 002 


0. 001 








7 


2.0 


0. 47 


0.08 


0.87 


0. 50 


0. 002 


0. 001 








8 


2.0 


0.46 


0.16 


0.29 


0.09 


0. 002 


0. 001 








9 


2.0 


0. 47 


0. 10 


0. 30 


1. 10 


0. 002 


0. 001 








10 


2.0 


0.48 


0.03 


0.30 


I. 07 


0. 002 


0. 001 








11 


1.9 


0.46 


0.04 


0. 87 


0. 10 


0. 002 


0. 001 








12 


2.0 


0.48 


0.07 


0.85 


1. 10 


0. 002 


0. 001 








13 


1.5 


0.47 


0. 03 


0.33 


0.50 


0. 002 


0. 00 1 


CoO. 5 






14 


1.9 


0.48 


0.08 


0.31 


0.49 


0. 002 


0. 001 


CoO. 1 






1$ 


2. 0 


0. 48 


0.03 


0.32 


0. 49 


0. 002 


0. 001 


A*0. 03 






IS 


2.0 


0.48 


0. 07 


0.32 


0.49 


0.002 


0. 001 


PbO. 03 






17 


2.0 


0.47 


0. 08 


0. 33 


D. SO 


0.002 


0. 001 


CrO. 007 






18 


1.9 


0.48 


0. 07 


0.32 


0.48 


0. 002 


0. 001 








19 


2.0 


0.48 


0.06 


0. 33 


0.49 


0.002 


0. 001 








20 


2.0 


0. 46 


0.03 


0.33 


0. 50 


0.002 


0. 001 
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[162] 



[S3] 





Ho 


Ni 


Si 


Kg 


Sn 


In 


S 


0 








22 


0.8 


0. 18 


0.08 


0.34 


0. 50 


0. 002 


0. 001 




5 




23 


3.8. 


0. 95 


0.08 


0. 33 


0. 49 


0. 002 


0. 001 








24 


2.0 


0.47 


0.003 


0. 33 


0.49 


0.002 


0.00) 




r 




25 


2.0 


0.48 


0.002 


0. 99 


0. 50 


0. 002 


0.001 








26 


1.9 


0.47 


0.25 


0.33 


1. 25 


0. 002 


0. 00! 








27 


2.0 


0.48 


0.0S 


0.002 


0. 50 


0. 002 


0. 0OI 








28 


2.0 


0.48 


0.0$ 


104 


0.50 


0. 002 


0.001 








29 


2.1 


0.47 


0.08 


a 31 


5.09 


0.002 


0.001 








30 


2.0 


0.47 


0.07 


0.33 


0.49 


0.002 


0.001 


FeO. 35 






31 


1.9 


0.48 


0. 08 


0.32 


0. 48 


0.002 


0.001 


PbO. 25 






32 


1.9 


0.45 


a 09 


0.33 


0.49 


0.011 


0. 001 








33 


2.0 


0.48 


a 03 


0.32 


0.50 


0.002 


0. 007 








34 


2.0 


0.47 


0.08 


0.31 


0.50 


0. 002 


0.001 




£1 




35 


2.0 


0.48 


0.08 


0.32 


0.49 


0. 002 


0.001 




30 






No 


Ni 


Si 


Mg 


Sn 


Zn 


S 


0 








36 


2.0 


0. 47 


0. 07 


0. 002 


0.49 


0. 002 


0. 001 


CrO. 10 


5 


It 


37 


1.9 


0.43 


0. 08 


0. 001 


0.48 


0,002 


0. 001 


KnO. 39 






38 


2.0 


0. 48 


0. 08 


0. 002 


0. 50 


0.002 


0. 001 


BO. 008 






39 


2.0 


0. 47 


0. 08 


0.001 


0.50 


0. 002 


0. 001 


A10.50 






40 


2.0 


0.48 


a 08 


0.001 


0.50 


0. 002 


0. 001 


TiO. 10 
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